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In 1987 Carl Woese used 16S ribosomal (r)RNA gene sequences from cultured organisms to reconstruct evolutionary relationships among the three domains of life [1] . Since that time, the scope of molecular diversity studies has rapidly progressed from genes in cultured organisms to genomes in mixed communities. Because most Bacteria and Archaea have not been cultured [2] , the majority of genomic and metabolic information about microorganisms has come from a relatively small number of cultured representatives. Environmental sequencing studies, however, provide access to a much larger reservoir of genomic and metabolic information. Studies of marine and terrestrial ecosystems have led to novel discoveries clarifying evolutionary relationships among Bacteria and illuminating the roles of microorganisms in nutrient cycles and energy fluxes [3] [4] [5] [6] [7] . Recently, the nearly complete assembly of the genome of an uncultured bacterium, Kuenenia stuttgartiensis, revealed unique metabolic adaptations associated with anaerobic ammonium oxidation (anammox) [8] . Future studies are likely to become the dominant source of microbial sequence information linking the metabolic process of specific microorganisms with environmental processes.
Although relatively few environmental genomic studies have been conducted, approximately 33% of published microbial sequence data available through the NCBI genome project is from environmental samples ( Figure 1A ). The majority of these data, approximately two thirds (w1310 9 base pairs), is from a single study of Sargasso Sea bacterioplankton [4] . Although species richness and genetic microdiversity limited attempts to assemble large genomic fragments from even the most abundant bacterioplankton, the authors identified 782 novel genes encoding proteins related to rhodopsin-like photoreceptors, or proteorhodopsins. Sequences related to proteorhodopsins have also been identified in representatives from two of the ocean's most abundant and widely distributed bacterioplankton lineages [9, 10] . While the ecological significance of proteorhodopsins is uncertain, biochemical and proteomic analyses suggest that they function as light-driven proton pumps in seawater [10, 11] .
In a comparative environmental genomic study of marine and terrestrial samples, Tringe et al. [5] sequenced 75 million base pairs (Mbp) of microbial DNA from three deep-sea whale fall carcasses and 100 Mbp from an agricultural soil sample. A gene-centric approach was used to compare gene content from marine and terrestrial communities [3] [4] [5] . Environment-specific differences were identified in functional genes associated with ion transport and in energy production. For example, operons containing transporters for organic osmolites and sodium ion exporters were enriched in marine (Sargasso Sea and whale fall) samples and operons containing genes for active potassium channeling were enriched in the soil sample. Microbial communities varied as well, with differences observed in genome sizes and phylogenetic composition. Although large numbers of uncharacterized genes were identified in all samples, species richness was highest in agricultural soils, which contained as many as 3000 ribotypes.
Calculations of species richness in Sargasso Sea and agricultural soil samples indicated that sequence coverage was low, 1% and 17%, respectively. This is not surprising, given that there is extensive genetic microdiveristy in natural microbial populations [12] . In contrast, sequence coverage among cultured representatives may be as high as 25% ( Figure 1B) . Although not all sequenced genomes are of validly described species, an estimate based on 915 genomes that have been completed or are in progress, 3,600 type cultures of validly described species, and an average genome size of 3.3 Mbp, suggests that a large fraction of cultured species have been sequenced. While rough approximations, these data highlight the magnitude of unexplored ecological sequence space and the potential for new discoveries which might lead to metabolic insights about the roles of microorganisms in environmental processes.
By focusing on less diverse microbial communities, Tyson et al. [3] assembled two nearly complete genomes and three partial genomes from an acid mine drainage biofilm community, and Strous et al. [8] assembled 98% of an uncultured anammox bacterium from a bioreactor. Genomic analyses of partial genome assemblies identified complete metabolic pathways and provided insights into nutrient cycles and energy fluxes, including carbon and nitrogen fixation, anaerobic ammonium oxidation, and energy generation.
The nearly complete genome sequence of K. stuttgartiensis, a representative from the uncultured anammox bacterial lineage within the Planctomycetes, clarified Planctomycete evolution and revealed candidate genes associate with novel features of catabolism and lipid biosynthesis. Interestingly, closely related anammox bacteria have been detected in diverse marine and terrestrial environments. 16S rDNA sequences most closely related to K. stuttgartiensis and other anammox bacteria have been recovered from anoxic waters in the Black Sea [13] and the oxygen minim waters of the Benguela upwelling system [14] . Together with 15 N tracer experiments, these data suggest that anammox bacteria play an important role in the removal of fixed inorganic nitrogen from the oceans and, as a result, may limit primary productivity in many regions. Environmental genomic insights into the metabolism of an uncultured anammox bacterium will help microbiologists and oceanographers better characterize the link between anammox and the ocean's nitrogen cycle.
The success of environmental sequencing studies depends largely on cost, complexity, and question. However, significant reductions in sequencing costs, advances in sequencing strategies, and insights into microbial metabolism gained through previous studies, suggest that the amount of sequence information from microbial communities in nature will likely increase in the near future. As community sequence data are collected, microbial communities can be further characterized using this information to determine global patterns of gene expression and protein content. Environmental proteomic studies of mixed communities have already taken advantage of microbial sequence data by focusing on proteins from less complex communities and by targeting proteins from abundant organisms [10, 15, 16] . Ultimately, 'omic' information can help link specific uncultured microorganisms present in the environment with the processes they mediate and the responsible organisms can be targeted for isolation and characterization under more controlled laboratory conditions. [4] Hallam et al., [6] Tyson et al., [3] DeLong et al., [7] Tringe et al., [5] Current Biology Figure 1 . Environmental genomics to date. (A) A survey of genomic and environmental genomic sequence data. (B) Estimates of % coverage in representative samples. Marine and terrestrial contributions were based on five published environmental sequencing studies, and cultured contributions were based on completed genomes and genomes in progress. Sequence contributions and % coverage estimates were calculated using 331 completed genomes, 584 unfinished genomes, sequenced DNA (in base pairs) and species richness of environmental samples, and the average size of a completed microbial genome (3.3 million base pairs).
